This study was planned to investigate the effects of betaine supplementation on growth performance and immunity in broilers under natural summer stress. A total of one hundred and twenty day-old broiler chicks were divided into four different treatment groups such as Bet-0, Bet-1.0, Bet-1.5, Bet-2.0 having betaine supplementation at the rate of 0, 1, 1.5 and 2 g/kg feed, respectively. Significantly (P<0.05) higher weekly and total feed intake and weight gain were recorded in group Bet-2.0. Higher level of betaine supplementation significantly (P< 0.05) improved feed conversion ratio (FCR). Betaine supplementation significantly (P< 0.05) improved dressing percentage. The treatment groups had significantly (P<0.05) lower heterophil number and significantly (P<0.05) higher lymphocytes number than the control group. The heterophil/lymphocytes ratio and antibody titer was significantly (P<0.05) lower in the treated groups. Based on these results, it is concluded that supplementation of diets with betaine improved broiler feed intake, weight gain, FCR and increased immunity were under heat stress condition.
INTRODUCTION

I
n broiler production, recently a number of feed additives have been used to improve growth, feed efficiency, immune status and antioxidant capacity (Abudabos et al., 2016; Khan et al., 2016; Alzawqari et al., 2016; Shahid et al., 2015; Chand et al., 2014) . Various techniques are also practised to reduce heat stress in poultry . Such methods include the use of electric fans, cooling pad system and sprinkling of water through foggers . As most of these methods cannot be practised due to high expenses, other strategies such as nutritional therapies including the use of balancing nutrient contents, addition of vitamin C, sodium bicarbonate, potassium carbonate and aspirin in drinking water can be followed. One of these nutritional strategies for reducing stress in the broiler is the use of betaine as a feed additive in the poultry diet (Zimmermann et al., 1996) .
Betaine is a hydrocarbon consisting of hydrogen and carbon. It contains amide group attached with three (CH 3 ) methyl groups bound through the amino group of glycine amino acids. Betaine is made naturally as well as syntheticaly from a number of plants and animals (Boch et al., 1994) . Betaine is found naturally in higher quantities in beet roots (Wang et al., 2004) . Betaine in reaction with the homocysteine has methionine saving effect, where it donates methyl group instead of methionine (Paniz et al., 2005) . Betaine is an osmolyte and assists in cellular water homeostasis (Klasing et al., 2002) . Betaine supplementation in feed improves growth performance and feed intake under heat stressed condition . The positive effect of betaine is due to the fact that it reduces the body temperature in chickens (Klasing et al., 2002) .
The objective of this study was to evaluate the effects of betaine supplementation on the perfor mance and immune response of summer stressed broilers.
MATERIALS AND METHODS
Bird's husbandry and experimental layout
After an adaptation period of one week, a total of 120 chicks were divided into 4 different treatments and designated as Bet-0, Bet-1.0, Bet-1.5, Bet-2.0 having three replicates of 10 birds each. Group Bet-0 was kept as a control and fed commercially available feed without supplementation, while groups Bet-1.0, Bet-1.5 and Bet-2.0 were provided with betaine (Nutricost, USA) at the A B S T R A C T rate of 1, 1.5 and 2g/kg feed, respectively. Humidity level was recorded with the help of hygrometer on daily basis. Minimum and maximum temperatures and humidity inside the shed were measured on daily basis (Table I) . Birds were vaccinated against Newcastle Disease (ND). The experiment was lasted for 42 days including one week of adaptation period. Birds were fed standard commercial isocalrious and isonitrogenous feed throughout the experiment. 
Measurement of performance traits
Feed intake of each replicate was calculated by subtracting the left over feed from the provided on daily basis. Weekly body weight gain was calculated by subtracting weight at day 1 from body weight at day 7 of every week for a total of six weeks. Overall body weight gain was calculated from weekly body weight gain. Feed conversion ratio (FCR) of broilers was calculated on weekly basis. After six weeks of age, two birds per replicate were randomly selected, weighted and slaughtered. All visceral organs including head, neck, feet and shanks were removed and carcass was weighed again for determination of dressing percentage. The abdominal fat pads (AFP) was weighed after removing fat around the bursa of Fabricius and cloaca and was shown as g/100g body weight.
Antibody titre against ND
At the end of experimental period, two birds from each replicate were randomly selected for blood collection.
From the brachial vein of the birds, 1.5ml of blood samples was collected in test tubes and centrifuged at 2000 rpm for 10 minutes to separate the serum. To determine antibody titer against ND, the Hemagglutination inhibition (HI) test was performed (Chand et al., 2014) .
Heterophils and lymphocytes
At the end of experimental period, two birds from each replicate were randomly selected for blood collection. For heterophils and lymphocytes count, EDTA containing tubes were used for collection of blood samples. Blood smears were stained with May-Grunwald and Giemsa stains. A total of 100 cells each were counted for Heterophils and lymphocytes (Gross and Siegel, 1983) and then calculated Heterophil/lymphocyte ratio.
Statistical analysis
Data were statistically analyzed using Completely Randomized Design (CRD) while means were separated using Least Significance Test. Statistical package Statistix 8.1 was used to perform analysis. P values equal or less than 0.05 was considered significant.
RESULTS
Effect of betaine supplementation on weekly and total feed intake is given in Table II . Significantly higher weekly and total feed intake was recorded in Bet-2.0 compared to the control. Total feed intake of group Bet-2.0 was 8.7 % higher than the control. The effect of betaine supplementation on weekly and total weight gain is given in Table III . Among the treatment groups, Bet-2.0 birds had significantly higher weight gain followed by Bet-1.5, while the weight gain of Bet-1.0 was not significantly different from the control group during week 2 and week 5. Total weight gain increased significantly (P<0.05) with increasing level of betaine supplementation and significantly higher weight gain was recorded in the group Bet-2.0. Total weight gain of group Bet 2.0 has 12.5 % higher than the control group. Data on FCR is presented in Table V . Higher level (Bet 1.5 and 2.0) of betaine supplementation significantly (P<0.05) improved FCR while the low level (Bet-1.0) supplementation had no significant effect on the FCR as compared to the control group. FCR of group Bet-2.0 was 3.43 % lower (better) than the control group. Data on dressing percentage and abdominal fat is presented in Table V. Betaine supplementation at higher level significantly (P<0.05) improved dressing percentage while the low level had no significant (P>0.05) effect on the dressing percentage as compared to the control group. Significantly (P<0.05) higher dressing percentage was recorded in group Bet-2.0 and was followed by group Bet-1.5. Betaine had no significant effect on the abdominal fat pad at any level of supplementation.
Data on the number of heterophils, lymphocytes and their ratio is presented in Table IV . The HLR was significantly (P<0.05) higher in the control group as compared to the treated groups. Statistically similar HLR was recorded for all the treated groups. Data on the antibody titer against ND is presented in Table IV . The treatment groups had significantly (P<0.05) higher antibody titer against ND as compared to the control group.
DISCUSSION
Results of the present research work showed that high ambient temperature significantly affected the growth performance and immune status of broilers while betaine supplementation improved these parameters. Under heat stress condition, there is reduction in feed intake which may be due to little energy requirement for heat preservation (Freeman, 1988) . Awad et al. (2014) reported that feeding of betaine at the rate of 1.5 g/kg in the diet results in significantly higher feed intake as compared to control group. Similarly, Sakomura et al. (2013) also reported that betaine supplemented to broilers significantly increased feed intake as compared to the control group.
Weight gain was significantly affected by betaine supplementation throughout the experimental period except first week. Birds in group Bet-2.0 had significantly higher weight gain as compared to the control. The difference between the different groups might be due to increasing level of betaine supplementation. The increase Effects of Betaine Growth Performance and Immunity in Broilers in body weight gain may be due to the potential of betaine to improve the digestibility of specific nutrients (Eklund et al., 2006a, b) . Sakomura et al. (2013) stated that during heat stress, there is an osmotic disturbance in broiler chickens while betaine improves the structural and functional characteristics of intestinal epithalia which results in better absorption of the nutrients. Furthermore, betaine is involved in the metabolism of protein and energy (Eklund et al., 2005) . Attia et al. (2005) and Hassan et al. (2005) reported improved weight gain in poultry as a result of betaine supplementation. On the other hand, our findings did not agree with Zulkifli et al. (2004) and Esteve-Garica and Mack (2000) who stated that supplemental betaine in diet has no significant effect on body weight gain.
Our results showed that betaine supplementation significantly improved FCR at the rate of 1.5 to 2.0 g/kg feed. Findings of the present study are in line to the results of Attia et al. (2009) who stated that adding betaine at the rate of 1 kg/ton in poultry ration could partially alleviate chronic heat stress in poultry as compared to the negative treatment. Similarly, El-Husseiny et al. (2007) revealed that addition of betaine at the levels of 0.75 g/kg in diet significantly improved FCR as compared to the control group.
Our results indicated that betaine had no significant effect on the abdominal fat pad at any level of supplementation. Our results are in agreement with Sun et al. (2008) and Zulkifli et al. (2004) . Contrary to the findings of the present study, Wang et al. (2004) and Zhan et al. (2006) reported that betaine supplementation reduced the abdominal fat pad because it has a role in lipid metabolism in the body. Our results are in contrast with Attia et al. (2005) who stated that there is an increase in abdominal fat pad by the supplementation of betaine.
Our results showed that betaine supplementation at higher level i.e., Bet-2.0 and Bet-1.5, significantly (P<0.05) improved dressing percentage. The increase in dressing percentage may be due to the osmotic effects of betaine, which increases water retention (Waldroup and Fritts, 2005) . Our results are in line with El-Shinnawy (2015) who reported that supplementation of betaine significantly increased the dressing percentage in chicken. Esteve-Garcia and Mack (2000) observed significantly better dressing percentage at 42 days of age at the rate of 1000 mg/kg betaine.
The present study showed that the treatment groups had significantly lower heterophil number and significantly higher lymphocytes number than the control group. Mashaly et al. (2004) reported that reduction of lymphocyte during heat stress is due to the increase of inflammatory cytokines which stimulate the hypothalamic production of corticotrophin releasing hormone under heat stress. These findings are in agreement with Nofal et al. (2015) who showed that supplementation of betaine in diet significantly decreased heterophil percentage but lymphocyte percentage was significantly increased, whereas, H/L ratio was significantly reduced. Awad et al. (2014) reported that adding betaine in diets significantly increased the lymphocyte percentage where as Heterophil and H/L ratio was significantly decreased as compared to the control group. Gudev et al. (2011) reported that supplementing betaine at the level of 1.5g/kg in feed significantly increased the lymphocyte and significantly decreased heterophil percentage.
The present study showed that betaine supplementation had significant effect on the antibody titer against ND vaccine. Our current results are in agreement with Farooqi et al. (2005) who showed that during heat stress, the addition of betaine in diets improved the immunity of birds. Similarly, Zhan et al. (2001) stated that addition of betaine significantly improved the antibody titer against ND. Whereas, our results are in disagreement with Zulkifli et al. (2004) who showed that betaine supplementation had no significant effect on antibody titer against ND.
CONCLUSION
It is concluded that supplementation of diets with betaine improved broiler feed intake, weight gain and FCR and increased immunity during heat stress.
Statement of conflict of interest
Authors have declared no conflict of interest. 
REFERENCES
